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Abstract—Atmospheric concentration of total suspended 
particulate matter (TSP) and associated heavy metals are a great 
concern due to their adverse health impacts and contribution to 
stormwater pollution. This paper discusses the outcomes of a 
study which investigated the variation of atmospheric TSP and 
heavy metal concentrations with traffic and land use 
characteristics during weekdays and weekends. Data for this 
study was gathered from fifteen sites at the Gold Coast, Australia 
using a high volume air sampler. The study detected consistently 
higher TSP concentrations during weekdays compared to 
weekends. This confirms the significant influence of traffic 
related sources to TSP loads during weekdays. Both traffic and 
land use related sources equally contribute to TSP during 
weekends. Almost all the measured heavy metals showed higher 
concentrations on weekdays compared to weekends indicating 
significant contributions from traffic related emissions. Among 
the heavy metals, Zn concentration was the highest followed by 
Pb. It is postulated that re-suspension of previously deposited 
reserves was the main Pb source. Additionally, soil related 
sources were the main contributors of Mn. 
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I.  INTRODUCTION  
Air pollution due to increasing urbanization along with the 
increase in traffic activities is a serious concern ([1]; [2]). This 
is mainly due to the fact that traffic sources generate significant 
pollutants such as particulate matter and heavy metals ([2]; 
[3]). Furthermore, as traffic related particles are very small, 
they can accumulate in the atmosphere especially during dry 
periods [4]. This build-up of particulates in the atmosphere has 
the potential to lead to health related issues, as heavy metals 
are not biodegradable and could accumulate in the human 
respiratory system [5]. The potential health issues due to traffic 
related emissions include asthma, lung cancer and other 
respiratory illnesses ([6]).  
 
Traffic related emissions has long been recognized as a 
significant pollutant source of heavy metals to the atmosphere 
([7];[8]). However, the estimation of traffic generated heavy 
metal concentrations in air is difficult due to the limited 
understanding of the relationship of heavy metals with traffic 
characteristics. In this regard, important traffic characteristics 
have been identified as total traffic volume, heavy duty traffic 
volume and traffic congestion ([9];[10]). Lack of accurate 
methods to estimate traffic generated heavy metal loads based 
on traffic characteristics constrains the formulation of 
appropriate pollution mitigation strategies. For example, sites 
can be classified based on current concentration levels and 
comparison with accepted benchmark values. Accordingly, 
pollution mitigation strategies can then be implemented to 
minimize exposure.  
 
The major objectives of the study discussed in the paper 
were to: (1) experimentally investigate the variability of 
atmospheric heavy metals and TSP concentrations with traffic 
characteristics such as traffic volume, traffic congestion and 
volume of heavy-duty traffic; (2) identify dominant traffic 
related emission types for different heavy metal species; and 
(3) determine the current heavy metal concentrations in the 
atmosphere close to selected road sites. The dominant land use 
type in the vicinity of each study site was incorporated into the 
analysis as land use can influence pollutant generation 
indirectly in altering the traffic mix as well as by specific 
pollutant generation processes ([11]). As noted by Ref.[12], as 
atmospheric TSP concentration is influenced by wind, wind 
speed was also considered as an important variable in the data 
analysis undertaken. 
 
II. MATERIALS AND METHODS 
A. Study Sites 
Field investigations were conducted at two sets of study 
sites at the Gold Coast as shown in “Fig.1”. The first set 
(referred to as “set 1”) contain sites considered as having poor 
air quality due to the nature of the anthropogenic activities 
around the sites. The second set (referred to as “set 3”) 
consisted of typical suburban road sites with a range of traffic 
characteristics.  
 
B.  Air Sampler 
As recommended by [13], high volume air sampling 
equipment shown in “Fig. 2” was selected for sampling. This 
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instrument has been used in Australia for similar studies ([14]). 
The instrument has been designed as per USEPA test Method 
TO-13A ([13]). However, some modifications were 
incorporated to the TO-13A test method to suit the study 
requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Study sites 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Air sampler (Adapted from [22]) 
 
C. Field Sampling 
Before field sampling, the air sampler was calibrated for 
ambient pressure and temperature. For the calibration, a 16 mm 
diameter calibrated orifice plate was placed on top of the 
instrument and then a U-tube manometer was fixed to the 
calibrated orifice plate ([15]). As recommended by [15], the 
sampling flow rate was set at 15 m3/hr, and 8 hrs of sampling 
was carried out covering morning and evening traffic emission 
peaks to collect 120 m3 air samples. Two air samples were 
collected from each site after seven antecedent dry days 
corresponding to one weekday and one weekend day. This was 
to investigate the changes in atmospheric pollutant 
concentration depending of the sampling day. Seven antecedent 
dry days was allowed to ensure the build-up of sufficient 
pollutant concentrations in the atmosphere. 
 
III. LABORATORY ANALYSIS 
As per Method 200.8 ([16]), nitric and hydrochloric acid 
digestion was carried out to extract total recoverable heavy 
metals from the air samples. A hot block digester was used for 
the digestion. This digestion system allows samples to be 
digested in a small area with minimum heat loss. Samples were 
digested at 95 ºC for 2.5 h without boiling. After allowing 
samples to reach room temperature, the samples were made up 
to the original volume by adding deionised water. 
Subsequently, samples were filtered using 0.45-micron syringe 
filters followed by adding internal standards including blanks 
and certified reference material (CRM). CRM of multielement 
standard solution V for ICP-MS prepared by TraceSELECT 
(Product No. 54704) was used in this analysis. Samples were 
analysed for, Lead (Pb), Zinc (Zn), Cadmium (Cd), Chromium 
(Cr), Nickel (Ni), Manganese (Mn), and Copper (Cu). 
Detection and determination of heavy metals was carried out 
using Inductively Coupled Plasma Mass Spectrometer (ICP-
MS). Sampling and testing of TSP was carried out as per 
Methods IO-2.1 and IO-3.1 ([13]). 
 
IV. RESULTS 
Data analysis was conducted to investigate the variation of 
atmospheric TSP and heavy metal concentration with traffic 
and land use activities. This analysis was undertaken for 
weekdays and weekends separately.  
 
A. Total suspended particulate matter (TSP) 
TSP refers to particles within an aerodynamic particle size 
range from 0.01 μm to 100 μm. TSP concentrations determined 
for each sampling event is shown in “Fig. 3”. As evident in 
“Fig. 3”, high TSP concentrations were consistently detected 
during weekdays compared to weekends. There are two main 
reasons for this behavior: (1) traffic volumes are higher during 
weekdays compared to weekends, in turn resulting in high 
emissions to the atmosphere, (2) as traffic volume increases, 
traffic induced wind turbulence can re-suspend already 
deposited particles. Similar findings were noted by [17] and 
commented that the atmospheric particulate matter is highly 
polluted with traffic generated heavy metals during weekdays 
compared to weekends.  
 
In order to assess the level of air pollution, TSP concentrations 
given in “Fig. 3” were compared with the National Ambient 
Air Quality Standards (NAAQS) ([23]). As recommended by 
[23], 24 hrs average TSP concentrations should not exceed 
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0.26 mg/m3. Only site (site 14) exceeds this value. This is 
attributed to the fact that this site is located close to an unpaved 
car park and vehicle movement tends to re-suspend soil 
particles into the atmosphere.  
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Figure 3.  TSP concentrations at the study sites 
 
B. Heavy Metals (HMs) 
Heavy metal concentrations obtained are plotted along with 
the sampling sites for weekdays and weekends separately as 
shown in “Fig. 4”.  
 
As evident in “Fig. 4”, Zn is detected consistently in high 
concentration during weekdays as well as weekends at most of 
the study sites. Therefore, Zn sources would be common to all 
the sites. Vehicular traffic is one of the main pollutant sources 
that is common to all sites. Furthermore, as noted by [17], tyre 
wear particles is one of the primary sources of Zn in the urban 
atmosphere. This confirms the influence of traffic in generating 
high concentrations of atmospheric Zn. However, there can 
also be other sources of Zn emissions to the urban atmosphere 
such as industrial and commercial activities ([12]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  TSP Atmospheric heavy metal concentration (a) during 
weekdays, (b) during weekends (the numbers refer to the different sampling 
sites)  
 
 “Fig. 4” also shows that except for five sampling events, 
Pb is the second most commonly detected heavy metal. Tyre 
wear and brake pad wear can be a source of Pb ([18]). 
However, as [19] has noted, re-suspension of soil dust, 
enriched with Pb from previous decades of leaded fuel usage 
can be a major source in urban roadsides. This conclusion is 
further supported by the findings of [20] who noted that the 
adsorption of heavy metals to soil particles follow the order of 
Pb > Cu > Zn > Ni > Cd. Accordingly, previously generated Pb 
can be strongly associated with soil sources and re-suspend 
back to the atmosphere with natural and traffic generated wind 
turbulence.  
 
Fig. 4(a) shows that Mn concentration is very high at site 14 
during weekdays. This could be due to the re-suspension of soil 
particles from the area due vehicle movement as Mn mainly 
associated with soil sources ([24]).  
 
Exposure limits for the investigated heavy metals are given in 
Table 1. It is clear from the Table 1 and Fig. 4 that heavy metal 
concentrations detected in this study are below stipulated 
exposure limits. Therefore, it can be concluded that air quality 
is still at an acceptable level in the Gold Coast area in relation 
to the investigated heavy metals.   
 
TABLE I.  HEAVY METAL EXPOSURE LIMITS (ADAPTED FROM [25]) 
Heavy metal Limits  
(mg/ m3) 
Copper (Cu) 1 
Lead (Pb) 0.075 
Manganese (Mn) 5 
Nickel (Ni) 1 
Zinc (Zn) 5 
 
 
Multivariate analytical techniques were used to investigate 
the relationships between traffic related parameters and Cr, Cu 
and Mn concentrations. For this analysis, three important 
traffic variables, namely, total average daily traffic volume 
(ADT_to), average daily heavy duty traffic volume (ADT_hv) 
and traffic congestion (V/C) were used as exploratory 
variables. Traffic data used for the analysis is given in Table ll. 
Land use at each study site was also incorporated into the 
analysis. PROMETHEE (Preference Ranking Organisation 
Method for Enrichment Evaluation) and GAIA (Graphical 
Analysis for Interactive Assistance) were employed as the 
analytical and visualization tools. The analysis of weekday 
samples was initially undertaken with the traffic data for “Set 
3” sites. The resulting GAIA biplot is shown in “Fig. 5”. 
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TABLE II.  TRAFFIC DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
na. Data not available 
 
As evident in “Fig. 5”, ADT_hv, V/C, Cu and Cr are 
correlated. This confirms the contribution of Cu and Cr to the 
atmosphere by heavy duty traffic. Furthermore, it suggests that 
traffic congestion also generates Cu and Cr to the atmosphere 
as V/C, Cu and C are correlated ([1];[12]). 
 
 
Furthermore, “Fig. 5” shows correlation of TSP with Mn, 
while demonstrating no correlation with any of the traffic 
parameters. Therefore, it can be concluded that TSP and Mn 
are primarily generated from sources with high ability to 
generate particulate pollutants. This could be attributed to the 
re-suspension of road deposited soil related particles ([21]). 
The re-suspension can be attributed to natural and traffic 
generated wind turbulence. This indicates that there are two 
main sources for atmospheric TSP and associated heavy metals 
which comprises of re-suspended particulates and traffic 
generated products. These conclusions provide the reasons for 
not detecting a clear correlation between traffic related 
variables with TSP. However, [4] reported that vehicle 
emissions can be a dominant source of PM2.5 (particulate matter 
that is 2.5 micrometers in diameter and smaller) in the 
atmosphere. Although traffic can be a main contributor for 
PM2.5, it is not the dominant source for total atmospheric 
suspended particulate matter (TSP).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  GAIA biplot of heavy metals for weekdays for “Set 3” sites 
 
Subsequently, samples collected at “Set1” and “Set 3” sites 
were analyzed together to investigate the influence of land use 
activities on atmospheric heavy metal concentrations. Analysis 
was conducted without the inclusion of traffic data in order to 
avoid the influence of traffic activities. The resulting GAIA 
biplot is shown in “Fig. 6”. 
 
As evident in “Fig. 6”, “Set 1” sites are grouped together. 
This is attributed to the similar variation of heavy metals 
loadings in the atmosphere at these sites. There are four sites 
with different land uses within ‘Group A’. Therefore, this 
suggests that surrounding land use activities have limited 
influence on the generation of heavy metals to the atmosphere. 
As illustrated in “Fig. 5”, there are two main sources of 
atmospheric suspended particulate matter. Group A’ sites have 
similar emissions to the atmosphere due to different 
combinations of the two sources discussed previously. For 
example, for some sites, re-suspension of road deposited 
particulates is high whereas this is not the case for the other 
sites. However, the total loadings are still the same at ‘Group 
A’ sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V/C
Sites Notation Land use Weekday Weekend Weekday Weekend
(1) Ab_c Commercial 0.57 9976 6273 439 102
(2) Be_i Industrial 0.61 5988 1924 180 35
(3) Bi_r Residential 0.76 2459 973 397 43
(4) Da_r Residential 0.14 919 1152 376 248
(5) Di_r Residential 0.39 10803 10463 126 55
(6) Hi_hd na na na na na na
(7) Ho_c Commercial 0.39 26904 22925 242 113
(8) Li_c Commercial 0.64 9123 7551 395 165
(9) Mi_hd na na na na na na
(10) Pe_r Residential 1.21 35 22 6 1
(11) Re_r Residential 0.31 11311 7458 604 178
(12) Sh_i Industrial 0.26 2836 1036 1503 775
(13) So_hd na na na na na na
(14) To_c Commercial 0.46 6701 4390 34 36
(15) Ya_hd na na na na na na
ADT_to ADT_hv
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Figure 6.  GAIA biplot of heavy metals for weekdays for “Set1” and “Set 3” 
sites 
 
Weekend samples collected at “Set 3” sites were analyzed 
together with the traffic data to investigate the influence of 
traffic on atmospheric heavy metal concentrations. The 
resulting GAIA biplot is shown in “Fig. 7”. 
 
“Fig. 7” shows that during weekends neither traffic nor 
wind is correlated with any of the investigated heavy metals. 
This behavior was further investigated by considering the 
sources of emissions. Air pollutants at a road site originate 
from traffic emissions from the sampled road, other sources 
including anthropogenic activities and surrounding roads. 
Others sources can become dominant during weekends as 
traffic volume is low compared to weekdays. Therefore, 
atmospheric heavy metal concentrations are generally not 
significantly influenced by traffic during the weekends. 
Furthermore, as emissions to the atmosphere are relatively low 
during weekends, atmospheric heavy metal concentrations are 
relatively uniform across space and close to the background 
concentrations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  GAIA biplot of heavy metals for weekends for “Set 3” sites 
 
Samples collected at “Set 1” and “Set 3” sites during 
weekends were analyzed together without traffic data to 
investigate the influence of land used related emissions on the 
atmospheric heavy metal concentrations. The resulting GAIA 
biplot is shown in “Fig. 8”. 
 
 
V.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  GAIA biplot of heavy metals for weekends for “Set1” and “Set 3” 
sites 
 
“Fig. 8” shows that many sites in “Set 3” are grouped 
together (Group B). This means that these sites show a similar 
variation in heavy metal and TSP loadings in the atmosphere 
during weekends. Also, in “Fig. 8” these objects are not 
pointed towards the investigated heavy metals. Therefore, it 
can be concluded that these sites make minimum contribution 
to the atmospheric heavy metal load during weekends. This 
behaviour is attributed to the fact that traffic volume is low 
during the weekends. “Set 1” sites are located close to urban 
amenities such as a public library and a City Council office 
where the intensity of traffic activities can be relatively high 
even during weekends. Accordingly, heavy metal vectors are 
pointed towards these sites. 
 
VI. CONCLUSIONS  
The following conclusions were derived from the research 
study undertaken: 
• Weekday TSP concentrations show positive correlation 
with traffic. Therefore, it can be concluded that traffic 
is one of the main sources of atmospheric phase TSP 
during weekdays. However, as other sources such as 
land use related activities are dominant during 
weekends, the contribution of both traffic and land use 
related sources are important for atmospheric TSP 
load. 
• Zn has the highest concentration in the atmospheric 
phase during weekends as well as weekdays among the 
investigated heavy metals.  
 
 
Group A 
 
Group B 
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• Concentrations of investigated heavy metals are below 
stipulated exposure limits. Hence, it can be concluded 
that the air quality in the Gold Coast area still within 
acceptable limits in relation to the investigated heavy 
metals. 
• Although, the usage of leaded gasoline stopped a 
decade ago, Pb was the second most detected heavy 
metal. This is attributed to the association of previously 
generated Pb with roadside soil and the re-suspension 
of particulates to the atmosphere.  
• Heavy duty traffic and effects of traffic congestion 
were identified as the main source of Cu and Cr 
whereas soil related particles is the main source of Mn 
in the atmosphere. 
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